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Abstract
The derivative of five member heterocyclic ligand containing imidazole rings 4-bromo-2-

(4,5-diphenyl-*H-imidazol-2-yl) phenol [Br-HPI] and their complex with Fe(lll) are
reported. This ligand was characterized by elemental analysis, FT-IR and H NMR
spectroscopy. The solid complex was characterized by IR spectra, molar conductivity and
magnetic moment. The results suggest that the metal is bonded to the ligand through the
phenolic oxygen and the pyridine nitrogen forming chelates with (1:2) (metal: ligand)
stoichiometry, and the octahedral geometry for the complex. The complex has photolysis by
novel method that using UV. cell to synthesis a-Fe>O3 nanoparticles. The nanoparticles have
been indicate by transmission electron microscopy (TEM), X-ray diffraction (XRD),
scanning electron microscopy (SEM), with average particles size in the range 11 to 25 nm.
The a-Fe2O3 nanoparticles have been applied a photo anode to fabrication dye solar cell
(ITO\a-Fe203 Nps\rodamine 6G dye\Ag nanofilme\ITO) with energy efficiency conversion
about 2.5 %.
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Introduction

Nanoparticles are Zero dimensional
because all the dimensions are
measured within the nanoscale (less
than 100 nm).

These compounds exhibit new and
interesting properties that depend on
the size (reducing size from macro and
micro to nanoscale). Nanoparticles are
widely present in the natural world as
a result of photochemical reactions,
volcanic activity and plants and algae.
They have also been created as
combustion residues and as the
remains of the exhausted fuel of
vehicles . In comparison to the
quantity of nanoparticles produced
naturally or accidentally, nanoparticles
synthesized for research or industrial
purposes are a small minority. Iron
oxide nanoparticles is one of the
important oxides, which has many
applications due to its non-toxicity ¢
19 There are many forms of iron
oxide crystalline phases, which
include: Hematite o-Fe2Os3, B-Fe20s,
Maghemite y-Fe;Os, Epsilon Fez0s3
and Magnetite (Fe3Os). a-Fe2Os
hematite is steel-gray, white to gray-
white, with a bluish tint, in reflected
light, with characteristic deep blood-
red internal reflections  while
Nanocrystalline a-Fe;Oz is red @,
The a-Fe2Os crystal structure is a
rhombohedrally centered hexagonal
cell of the corundum type. a-Fe2O3
has a bandgap of 2.10 eV for bulk
foorm and 22 eV for the
nanocrystalline form, hematite is also
highly resistant to corrosion, and
commercially available at a relatively
low cost 2,
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Experimental

The chemicals and solvents of starting
materials that used for synthesis the
[Br-HPI] ligand and complex used
without further purification. FT-IR
spectra was recorded using (FT-IR-
8400S Fourier Transform infrared
spectrophotometer — SHIMADZU ) in
the range (600-4000)cm™ using (KBr)
discs. The 'H NMR spectra was
recorded by (*H-NMR 300 MHz,
using DMSO). Sherwood Scientific's
Magnetic Susceptibility Balances used
to determine the magnetic
susceptibilities. Conductivity meter
Alpha-800 at 25°C was used to obtain
the molar conductance of the
transition metal complex.

)] Preparation of the Ligand 4-
bromo-2-(4,5-diphenyl-1H-
imidazol-2-yl) phenol [Br-
HPI].

This ligand (fig. 1) was obtained in a
similar way to the preparation of the
2-(2-hydroxyphenyl)-4,5-
diphenylimidazole (HPI) ligand (13).
H NMR (300 MHz, DMSO, TMS): &
=13.10 (s, 1H, NH), 8.24 (s, 1H, OH),
7.52-6.94 (m, 13H , ArH) ppm.

FT-IR (KBr, cm™) : [3201 (O — H),
3406 (N — H), 1581 (C = N), 696 (Ar —
Br).

o
o Br H
Br. " NH4OAC (A) N
+ S — A
oH HOAC. refiex 24h N
° - O
Benzil

5-Bromosalicyaldhyd

fig.(1) synthesis of [Br-HPI] ligand.

1)) Synthesis the complex of
Fe(111) with [Br-HPI].
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[Br-HPI] ligand (2 mmol, 0.782
gm) in ethanol (15 ml). To the solution
of FeClz.6H20 (1 mmol, 0.2705 gm)
in ethanol (10 ml) was added in drops.
Red precipitate was formed after
refluxing for 1 h and then filtered and
washed with 3 x 30 ml of ethanol.
Yield, 1.642 gm (94 %) (fig 2).

EthOH

MCl3.6H,0 4+ (HL),

80° 1h
M= Fe(l11). HL= [Br-HPI]

fig (2) Complex with [Br-HPI] ligand.

I11)  Synthesis of a -fe2O3

nanoparticles

20 ml of 0.02 M [Fe (Br-HPI)2(H20)]
was irradiated by photo cell for 30 min
with ice bath under 5 C° %, Orange
precipitate of iron (I1) complex was
obtained and the product was filtered
and washed several time with
deionised water. The precipitate was
dried in oven at 60°C for 4 h and
calcined at 450°C for 3 h. A red
nonmagnetic precipitate was obtained.

Fabrication of dye sensitizer solar
cells. 319

The dye-sensitized solar cell (2 X 1
X 0.1 cm) were synthesized according
to the following process:-
A colloidal solution of a-Fe2O3
nanoparticles had been prepared by
mixing blending ethanol with iron
oxide nano powder. A few drops of
the colloid was used to cover the
conductive side of ITO glass (85 %
transmittance, 8Q), then the coated
ITO glass was heated up to 250 °C for
20 min in air to obtain the photo anod.

Later and when photo anod was
cooled, o-FexO3 nanoparticles
electrode was immersed into 0.5 mM

—> M(L),(H,0),

AR

rhodamine 6G Dye for (24 h at R.T.).
The counter electrode was coated by
silver nano film on ITO glass by using
vacuum thermal evaporation
technique. The photo anode and
counter electrode was assembled the
liquid electrolyte (1" /1 ) solution
drop infiltrate into the working space
via capillary activity, the produced cell
has been held with a binder clip as
shown in Fig (3)

Fig (3) design of dye sensitizer solar
cell.

Photocurrent —voltage behaviors of the
DSSCs

A digital multimeter (proskit MT-
1210) was utilized to measure the
open-circuit photovoltage and short-
circuit photocurrent of the DSSC. A
solar stimulator with a halogen lamp
and a light intensity of 100mW/cm?
were employed to illuminate the dye
solar cells. In addition the power
conversion efficiency of the solar cell
was determined by:-

Pmax

Vos*JscxFF "
Pin i

100

(2-1)

Where Voc, Jsc, Pin represent the
open-circuit photovoltage, the short-
circuit density photocurrent and the
incident light power respectively.
Furthermore the fill factor is given by
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Vmaxs*Jmax

FF = (2-2)

Vocx*]sc
Where Vmax and Jmax represents the
voltage and the current density at the
maximum output power point
respectively 516),

Com| Che |[Fo|C | M |Y | u|Co
pou | mical |rm | ol |elt| i | ef | nd
nd |Form | ul |o |in|e | f |uc
ula a|r|g ||l |(B]tiv
w Po|d ity
ei int| (| M]|Co
gh (°1%].)|h
t Q) |) m-
(g L
m C
ol- m?
1) .m
ol
1
Br- |C12H |39 |w |17 |9 | -
HPI | 15N2 | 1 | hi |8 |3 | _
OBr t |18 B
e |0
[Fe |C42H |87 | R |26 |9 |4.| 3
(Br- |[32N4 | 2 |e |5- |48 | 9
HPI) | O4Fe d |26 2
2(H 8
20)
2]

Resuls and Discussion

The preparation of ligand Br-HPI
(fig 1) gave satisfactory analysis for
the proposed structures, which was
confirmed on the basis of their
elemental analysis and spectral (FT-IR
and 1H NMR) data. The complex iron
with Br-HPI ligand, were prepare by
the reaction of 1:2 ratio of Metal with
ligand. The complex has obtained with
a good vyield (94 %), insoluble in
ethanol and water, but soluble in hot
methanol, dimethyl sulfoxide

122

(DMSO). The complex is non-
electrolytes in DMSO according to the
conductivity measurements (Table 1).
Their melting point (m.p.) and
magnetic moment (peff) are listed in
(Table 1).

Table 1. Physical properties and
Analytical data of the Br-HPI ligand and
complex.

Infrared spectra

Generally, the [Br-HPI] gives very

similar IR features (Table 2).
Absorption band at (3201cm™)
indicate to symmetrical stretching

band of (OH) group (figr.4). The
stretching band of (NH) appeared at
(3406 cm™). The vibration of Ar-Br
group is observed at (696 cm-1). The
band at (1581 cm™) related to (C=N)
of the (3N) imidazole nitrogen @7
The (C=C) ring stretch, (1487, 1433
Cm-l) (18)_

Coordination of the iron atom with the
functional groups of the ligand was
established from the IR spectra (Table
2). In general The spectra of complex
show a change in frequency (figr.4,5).
In addition, disappearance of the
hydroxyl group stretching vibration
(O-H) of Br-HPI at (3201cm™) was
observed. .The Iron complex new
weak bands (Table 2) appear that
assign to bending vibrations of (M-
0),(M-N) bonds %29, The phenolic
C-O stretching vibrations appeared at
(1267 cm™) in free ligand and under a
shift towards lower frequencies in the
complex (Table 2). This shift
conforms the participation of oxygen
in the C-O-M bond ©*??. The C=N
band in complex is shifted to lower
frequencies, that indicated the
coordination of the metal ions with
(3N) imidazole nitrogen. Important
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bands has been observed in the
bending vibration at (1641 cm™) and
stretching vibration at (3735 cm™) in Bl
Iron complex, these bands provide i BV
evidence of the existence of water i " s il
molecules  within  the  complex
structure @3,

o~

Com |v [u |u [U |V Uu|lu|u 5 :
pou O |N |C (ph | ( |[(
nd |- |=|Aleno |M|M|(H Fig. (5) : FT-IR for Fe(l11) complex.
N | r-|lic - |- 12
B|C |[N|O|O) 'H NMR spectra of the compounds
r10 1))
Br- 13 |3 |1 |6 1126 | - |—- | — The H NMR spectra of the ligand
HPI 2 14 |5 |97 I Br-HPI were obtained .in ds - DMSO
olols |6 at room temperature using TMS as an
116 |1 internal standard (figr.6) The *H-NMR
— data Showed 6 (ppm): The chemical
Fe g Lll ; ;24 Z g Allfls shift observed for the (OH) proton in
C‘I’m ; the ligand 8.24 (s, 1H). The 7.52-6.94
piex 0 (810 21337 (m, 13H) for aromatic protons. While
> |5 35 (NH) proton appeared in 13.10 (s,

1H).
Table 2. IR spectra of the free Br-HPI
ligand and the Cu (ll), Co(ll) coordination
complexes.

" Fig. (6) : *H NMR of Br-HPI.

204

4000 3750 3500 3250 3000 2750 2500 250 2000 1750 1500 1250 1000 780 500
B 1lom

Fig.(4) : FTIR for Br-HPI ligand. The morphological, structural
and optical properties of synthesized
a-FeoOz Nps were examined by
various techniques. The XRD patterns
of the a-Fe2Os nanoparticles use (Cu
Ko radiation line of wavelength of
1.54 A in 20 range from 10° to 80°)
was shown in Figure (7).
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Fig. (7): XRD
Pattern of a-Fe2O3 Nps (hematite)

There are significant amounts of

broadening lines which are
characteristic of nanoparticles. The
crystal size can be calculated
according to Debye-Scherrer
formula®®,
Kk A
~ Bcoso (3-1)

Where k=0. 9 scherrer constant, A is
the wavelength of the Cu-Ka
radiations, 3 is the full width at half
maximum and 0 is the angle obtained
from 20 wvalues corresponding to
maximum intensity peak in XRD
pattern. The mean crystal size of
nanoparticles were 25.1 nm.

The samples in (fig.7) show the
formation of a-Fe2Os, based on the
comparison of their XRD patterns
with the standard pattern of a-Fe203
(JCPDS 33-0664) of rhombohedral
structure and The diffraction peaks
corresponding to
(012),(104),(110),(006),(113),(202)
are quite identical to characteristic
peaks of the a-Fe>Os crystal with the
rhombohedral spinal structure. The
application of Scherrer’s formula to
the (012) reflection peak indicated the
formation of a-FezOs.

The morphology and particles size
have determined by TEM,(fig.8). The
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mean particle size and distribution
were determined randomly on the
TEM image, (fig.8) shows TEM
image of the samples. The mean
particles size were obtained from
TEM image was 11 nm.

« T

100 nm"b

Fig. (8): TEM images of a-Fe>O3 NPs
(hematite)

SEM images, fig (9) shows the
morphology and size distribution of a-
Fe2Oz nanoparticles. The surface of
nanoparticles is smooth with good
crystallinity. The average particle size
and distribution were determined
randomly on the SEM images. The
mean particles size was obtained from
SEM image 20 nm.

Fig. (9): SEM images of a-Fe>O3 NPs
(hematite)

Photovoltaic properties of dye-
sensitized solar cells

Fig (10) shows the photovoltaic
properties of DSSCs based on a-Fe2O3
NPs as a working electrode. Table (3)
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summarizes the photovoltaic
parameters of sample has 25 %
energy conversion efficiency. From
the 1-V characteristics it is noticed that
our DSSC has high the short circuit
current and high open circuit voltage.
This is because of the molecular
structure (favourable for the separation
of electron/hole pairs) and the
diffusion rate of redox electrolyte.

current

A}

0.3 04
voltage

Fig. (10): photovoltaic properties of
the DSSC prepared by a-Fe2O3 NPs

ph|V |JSC |V |]J P FF Im
as|oc | (A\c | m | ma | max %
e (V)| m2)|ax|x (W\
(V| (A\c | cm2
) | m2) )
a- (0. |00 |0. |00 |0.00|0. |2
Fe |64 |10 5 105 25 39
20 |1 0 0 5
3 %

Table 3. The parameters of dye
sensitizer solar cell (ITO/ iron
oxide Nps/ Dye (Rhodamine 6 G)
/iodine / Ag film/ ITO)

Conclusions

In conclusion, a one of easily
accessible metal complex bearing Br-
HPI ligand was synthesized and
characterized. Obtained from the
reaction of the bidentate (N, O) ligand
with Fe(lll) transition metal. On the
basis of the physical and spectral data
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of the ligand and the complex
discussed above, the Br-HPI ligand is
bonded to the metal via pyridine
nitrogen and hydroxy group , the solid
complex with the ratio [M:L] as [1:2],
gives a neutral, octahedral geometry
(fig. 11). Photo Irradiation process is a
perfect and a novel method for
preparing o-Fe2O3 nanoparticles. The
systematic analysis for the estimate
the structural properties of synthesized
nanoparticles has been studied by
XRD, SEM, TEM, and UV.visble,
these techniques demonstrated that the
nanoparticles size was less than 29
nm. The fabricated solar cell has been
suitable for :  (ITO/ iron oxide Nps/
Dye (Rhodamine 6 G) /iodine / Ag
film/ ITO).

L::_/J\\ e z\ /T{\Br
o / \
"//ff::;:j ~ | ~ ":’1" /// } / /
‘ J(J "5 ///
R H,0——M~——OH, N
A i
— 3 /N -y /‘ SN /-”
/2R S ~ e
‘A = W -
‘}:/ N~ \Q N /QQ
er’ H H ]
M=Fe (llI).
Fig. (11): Complex with [Br-HPI]
ligand.
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